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The Melville Koppies Ridge in Johannesburg is an area 
of natural wilderness within the urban environment. The 
aim of the study was to establish the relationship 
between vegetation distribution and environmental con-
ditions on the ridge, as well as to determine the impacts 
of management on vegetation distribution. The ridge 
has had a long history of settlement and disturbance, 
but the vegetation on the ridge is surprisingly species 
rich, with little evidence of former disturbance. Over the 
past three decades, vegetation on the ridge has been 
Introduction 
The presence of natural wilderness within the urban envi-
ronment is being increasingly recognised as a valuable 
alternative to the more typical manicured, formal garden that 
characterises most cities around the world (Poynton and 
Roberts 1985). These wilderness areas offer the same 
opportunities for recreation and relaxation as do formal gar-
dens, but they also offer opportunities for conservation and 
education that extend beyond that which more conventional 
parks and gardens offer. However, conservation of natural 
wilderness within the urban environment poses particular 
problems for migration, the free exchange of genetic materi-
al, and the survival of small populations of plants and ani-
mals. The theory of island biogeography, and its extension, 
reticular biogeography, are considered to offer a theoretical 
framework on which overall planning can be based (Poynton 
and Roberts 1985). However. at the local scale, manage-
ment should focus on meeting particular objectives, and 
these need to be appropriately addressed by the urban 
authority charged with management of open spaces in the 
urban environment. 
The Melville Ridge, including the Melville Koppies Nature 
Reserve (MKNR) and its eastward and westward exten-
sions, the Sima Eliovson Park (SEP) and Louw Geldenhuys 
View Site (LGVS) respectively, represent some of the most 
interesting and diverse natural vegetation of the 
Witwatersrand Ridge. The area has a history of settlement 
by both Stone Age as well as I ron Age Peoples (Mason 
1984 ). It is in the largest city in the country, one in which the 
subject to contrasting management histories, with the 
Melville Koppies Nature Reserve having strictly con-
trolled and limited access and exclusion of fire, while 
access to the eastward and westward extensions of the 
reserve were not controlled at all. This has led to the 
development of new vegetation communities in the 
reserve, but higher diversity in the uncontrolled area. 
Thus, clear conservation objectives are required to 
guide management. 
natural environment has been greatly disturbed. Attempts 
are being made to manage the vegetation along the entire 
ridge for conservation and recreation, with the primary 
objective being to maintain the vegetation in as natural a 
state as possible. 
The Melville Ridge provides an interesting contrast of 
management approaches. MKNR itself has been used for 
educational purposes only, with access limited to the gener-
al public on a small number of days during the summer 
months as well as to a few individuals belonging to conser-
vation and/or educational institutions. Burning within MKNR 
has been controlled, and excluded as far as possible. In con-
trast the SEP is freely accessible to the general public, and 
has had a history of use by the African Independent 
Churches, who worship in large numbers on Sundays, each 
congregation of several dozen worshippers meeting at a 
designated site in the open air. In order to prevent soil ero-
sion church members keep paths in a good state of repair, 
and meet on concrete slabs that they have laid themselves 
in amongst the natural vegetation. The LGVS, also an open 
access area, is not used formally by any group, although 
there are several paths crossing it. Fires occur regularly (at 
intervals of between 2 and 3 years) in both the SEP and 
LGVS as a result of accidental ignitions. This contrasting 
land use and fire regime within an area of similar climate and 
geology, provides an ideal opportunity to compare the 
impacts of different management approaches. 
The aim of this study was to establish the relationship 
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between vegetation distribution and environmental condi-
tions, and furthermore, to determine the impacts of man-
agement on vegetation distribution. 
Study Area 
Locality and Climate 
The study area is situated along the Witwatersrand ridge in 
the Johannesburg suburbs of Melville and Westdene. It 
occupies an area of approximately 1 .6km~. covering a dis-
tance of 4km and with an average width of just 0.4km. As 
such it is a linear feature with a high edge to area ratio. The 
altitude of the study area varies between 1 680 and 1 740m. 
The climate of Johannesburg can be described as tem-
perate with warm, wet summers and cool, dry winters. 
Average daily temperatures in December and January are 
between 19 and 20°C, and in June and July between 9 and 
1 ooc (Weather Bureau 1986). Average daily maximum tem-
peratures in December and January are approximately 
26°C, while average daily minimum temperatures in June 
and July are approximately 2°C. Frost is common in mid-
winter. 
Rainfall typically occurs in the form of short, intense thun-
derstorms, averaging approximately 700mm per annum, of 
which 80% occurs in the summer months from October to 
March (Weather Bureau 1986). 
Vegetation and its conservation status 
The study area is in the grassland biome which is dominat-
ed by a single stratum of vegetation, herbaceous plants that 
have their perennating organs close to ground level 
(Rutherford and Westfall 1994 ) . Vegetation of the area is 
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Figure 1: Geology of the Melville Koppies Nature reserve (after Van 
Biljoen 1984) and distribution of Iron Age settlement sites (after 
Mason 1984) 
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Rocky Highveld Grassland (Bredenkamp and Van Rooyen 
1996). The vegetation is described as being predominantly 
grassland with many dicotyledonous forbs. Woody vegeta-
tion of Zambezian and Afromontane affinities occurs in shel-
tered islands, where the vegetation is described as 'temper-
ate mountain bushveld within the Grassland Biome' by these 
authors. 
The conservation status of this vegetation type is poor and 
continues to be threatened by urbanisation, industrial 
expansion and agriculture (Bredenkamp and Van Rooyen 
1996). The Melville Koppies and its extension represent a 
sincere attempt by the City of Johannesburg to conserve 
remnants of this vegetation type within the urban setting. 
Geology 
The geology of MKNR (Figure 1) has been described and 
mapped by Van Biljoen (1984). The area comprises a sedi-
mentary sequence at the base of the Witwatersrand 
Supergroup, overlying diorite which occurs in the north of 
the study area. The sedimentary sequence exposed in the 
southern half of the study area is part of the Hospital Hill 
series, comprising a number of layers of shale and slate, 
which occur between layers of quartzite. The entire 
sequence has been tilted, with strata dipping towards the 
south (Figure 2). 
Quartzite is extremely resistant to weathering and erosion, 
and forms the rocky ridges that run from east to west along 
the entire study area. By creating ridges of prominent relief 
they make the area scenically attractive. Soils on the 
quartzite are virtually non-existent, extremely acid, and of 
extremely low nutrient status, particularly those on slopes 
with a southern aspect that occur on the former contact sur-
faces between the quartzite and the shales and slates. 
Shales. slates and granites are more prone to weathering, 
and these occupy the depressions between the rocky 
quartzite ridges. The soils derived from slates, shales and 
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Figure 2: Geological cross-section of the lower Witwatersrand 
Supergroup showing the stratigraphy and dip of sedimentary strata. 
and the location of the study site in relation to rock outcrops 
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granites are better developed than on the quartzite. but are 
nevertheless shallow and somewhat skeletal. They are more 
basic and potentially have a higher nutrient status than the 
quartzite, giving rise to soils of intermediate fertility. 
History 
The prehistoric people of MKNR are described by Mason 
(1984}. The area of MKNR has been inhabited by Stone Age 
as well as Iron Age Peoples. Their presence is indicated by 
the discovery of stone artifacts (Stone Age}, as well as of 
stone walls, iron furnaces, iron implements and pottery (Iron 
Age}. Stone Age People were nomadic hunter gatherers, 
who moved in response to seasonal changes in cl imate and 
movements of game. In contrast, Iron Age People lived in 
settlements, grew crops and reared domestic livestock. 
They also produced iron tools, and items of pottery. For con-
struction purposes, wood was used widely, but the presence 
of stone walls in the study area indicates that at the time the 
area was settled, wood was not abundant (Ellery and Mentis 
1992). 
A number of Iron Age settlement sites occur in MKNR 
(mainly on areas of diorite to the north of the ridge, Figure 
1 }, as do a number of furnaces used for production of iron 
and iron tools. Johannesburg occurs in South Africa's grass-
land biome (Rutherford and Westfall 1994}, and woody 
plants were probably confined to rocky ridges and kloofs that 
were protected from wildfires. The smelting of iron and the 
production of pottery required wood, and the ridges and 
kloofs of the Witwatersrand probably provided sufficient for 
these purposes. However, there seems little doubt that the 
impact of wood harvesting in the region of Melville Koppies 
would have been significant (Mason 1984}. The impact is dif-
ficult to quantify as wood use would have been selective. 
More recently the area has been settled by European set-
tlers, and prior to the proclamation of the reserve, the lower 
slopes on its northern side were cultivated. The reserve was 
proclaimed more than two decades ago. 
Methods 
Floristics 
Since November 1917 (C.E. Moss 2141), herbarium materi-
al has been collected at Melville Koppies by staH, students, 
interested volunteers and amateur botanists associated with 
the former Department of Botany (now Department of 
Animal, Plant and Environmental Sciences}, University of 
the Witwatersrand and the Johannesburg Botanical Garden 
at Emmarentia and deposited in herbaria at these institu-
tions. The identifications of all specimens at the CE Moss 
Herbarium (J) were checked and the specimens were 
entered onto the computerised herbarium management sys-
tem (Herbarium Manager). A checklist was compiled from 
this database and used to check all material at the herbari-
um of the Johannesburg Botanical Garden (JBG). 
Specimens of any taxa not represented in J were photo-
copied and these were accessioned into J. A complete 
checklist was then produced from Herbarium Manager. 
Literature and notes on specimens were used to record 
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habit, growth form, life history strategy, habitat and origin 
(i.e. whether foreign or indigenous) for each taxon on the 
Computerised Herbarium Management System of the CE 
Moss Herbarium on a species by species basis. The classi-
fication presented in Table 2 was used; trees were differen-
tiated from shrubs on the basis of having a South African 
tree number. Habitat was classified into grassland, wood-
land and forest on the basis of notes made on herbarium 
labels. The checklist was compared to the list of southern 
African plants and their distributions (Arnold and De Wet 
1993) and to the Red Data List (Hilton-Taylor 1996} to deter-
mine whether any were endemic to the former Transvaal 
and whether any were rare or threatened. 
Vegetation sampling 
Plant communities were sampled in a total of 183 circular 
stands 5m in diameter, these being selected in a stratified 
manner to cover the range of vegetation types in the study 
area based on aerial photography and preliminary field 
work. Within each stand, all the species encountered were 
listed, and a visual estimate of aerial cover was assigned in 
each case. Species cover was assigned in a range of per-
centage cover classes with intervals of 0-1, 1-2, 2-5,5- 10, 
1 0-25, 25- 50 and >50%. 
Data analysis 
Data were analysed using the polythetic divisive cluster 
analysis Two Way INdicator SPecies ANalysis (TWINSPAN) 
developed by Hill (1979) using the default options, with the 
exception that the minimum number of samples required for 
a division was set to 3, and the pseudospecies cut levels 
were set to match the cover class intervals used in the data 
collection. 
Results 
Floristics 
518 taxa (species and lower ranks) in 298 genera and 84 
families occur on the Melville Koppies Ridge. Of these, 464 
taxa are indigenous and 268 genera and 82 families include 
indigenous taxa. 54 taxa (10.4%} are alien and 41 genera 
and 19 families include alien taxa. This represents a total 
density of 323.8 taxa per km2 and a density of 290 indige-
nous taxa per km2 • The most speciose families on the Ridge, 
include Compositae (71 taxa}, Graminae (55 taxa) and 
Leguminosae (50 taxa} (Table 1 ). 
Of the indigenous vegetation, most are forbs, perennials, 
resprouters after fire, mesic and autotrophs (Table 2). Of the 
alien taxa, most are !orbs, perennials, reseeders after fire, 
mesic and autotrophs (Table 2). 
Twenty-five taxa are endemic to the former Transvaal 
province (Table 3). One taxon is included on the Red Data 
List (Hilton-Taylor 1996); i.e. Holothrix randii (lnsufficently 
Known}. 
Of the 25 Transvaal endemics that occur at Melville 
Koppies, the following habitat information is indicated: 14 
occur on north-, seven on south- and two on east-facing 
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Table 1: Families represented by ten or more taxa on the Melville 
Koppies Ridge 
Fa mil~ Number of taxa Number of Genera 
Compositae 71 31 
Graminae 55 34 
Leguminosae 50 20 
Liliaceae sens. lat. 32 16 
Asclepiadaceae 17 9 
Scrophulariaceae 15 11 
Aubiaceae 14 11 
Cyperaceae 12 5 
Orchidaceae 12 4 
Hypoxidaceae 10 
lridaceae 10 7 
Convolvulaceae 10 4 
slopes; eight occur at the crest of the ridge; 13 are from 
grassland and one from woodland; five from burnt grassland 
and one from unburnt grassland; eight are from rocky or 
stony areas (Table 3). On the basis of plot records or locali-
ty data on herbarium sheets, two Transvaal endemics occur 
in Community 1, seven in Community 2 and four each in 
Communities 3 and 4. Holothrix randii occurs in grassland 
near the summit of the eastern fenced area of Melville 
Koppies Nature Reserve (i.e Community 2a), whereas 
Babiana hypogea occurs in the stony grassland on the lower 
northern slopes of Melville Koppies Nature Reserve (i.e. 
Community 1 ). 
Meve and L1ede 
Classification of plant communities 
The classification of plant communities is presented as a 
dendrogram (Figure 3), illustrating relationships between dif-
ferent vegetation types in a simple way. 
The first division (Group 1; n = 183) was indicated by 
Aristida transvaalensis, Loudetia simplex and Melinis nervig-
lumis, which were associated with the negative group 
(Group 2; n = 145), while Bidens pilosa and Ehretia rfgida 
were indicators of the positive group (Group 3; n = 38). 
There were many species that were associated preferential-
ly with both the positive and negative groups. 
The negative group from the first level of division (Group 
2) was divided at the second level of division, Brachiaria ser-
rata, Elionurus muticus, Eragrostis racemosa, 
Diheteropogon amplectens and Themeda triandra being 
indicators of the negative group (Group 4; n = 79), while 
Pel/aea calomelanos and Rhus magalismontana were indi-
cator species associated with the positive group (Group 5; n 
= 66). 
At the third level of division the samples in Group 4 were 
divided on the basis of the indicator species Hyparrhenia 
hirta and Setaria sphacelata in the negative group (Group 8; 
n = 20) and Bulbostylis burchellii and Loudetia simplex in the 
positive group (Group 9; n = 59). The stands in the negative 
group (Group 8) were divided further at the fourth level of 
division, with the stands in the negative group (Group 16; n 
= 7) being indicated by high (greater than 5%) cover of 
Hyparrhenia hirta, while the stands in the positive group 
(Group 17; n = 13) were indicated by Acalypha angustata. 
Several preferential species were associated with each of 
these groups. While stands in both of these groups repre-
Table 2: Number and percentage of species of particular habit at Melville Koppies and on the Witwatersrand as a whole (Lowrey and Wright 
1987, Batkwill in prep.). The diHerence between indigenous and alien vegetation at Melville is also indicated 
Habit Melville Koppies Witwatersrand 
Indigenous Alien Total 
no 0/o no % no 0/o no 0/o 
trees 49 10.1 1 1.9 50 9.3 92 6.06 
shrubs 15 3.1 11 20.4 26 4.8 46 3.03 
creepers 47 9.7 4 7.4 51 9.5 156 10.28 
suHrutex 58 12.0 3 5.6 61 11 .3 140 9.22 
forb 182 37.5 31 57.4 213 39.5 611 40.25 
epiphyte 0 0 0 0 0 0 0.06 
geophyte 55 11 .3 0 0 55 10.2 131 8.63 
aquatic 0 0 1 1.9 1 0.2 93 6.13 
caespitose 79 163.0 3 5.6 82 15.2 248 16.34 
perennial 457 94.2 30 55.6 487 90.4 1305 85.97 
biennial 2 0.4 1.9 3 0.5 12 0.79 
annual 26 5.4 23 42.6 49 9.1 201 13.24 
resprouter 343 70.7 11 20.4 354 65.6 1016 66.93 
reseeder 27 5.6 24 44.4 51 9.5 205 13.24 
deciduous 28 5.8 1 1.9 29 5.4 78 5.14 
evergreen 87 17.9 18 33.3 105 19.5 219 14.43 
succulent 20 4.1 1 1.9 21 3.9 46 3.03 
mesic 465 95.9 53 98.1 518 96.1 1472 96.97 
insectivorous 0 0 0 0 0 0 2 0.13 
autotroph 478 98.6 53 98.1 531 98.5 1484 97.76 
semi-parasite (roots) 6 1.2 0 0 6 1.1 27 1.78 
semi-parasite (aerial) 0.2 0 0 0.2 4 0.26 
holoparasite 0 0 1 1.9 0.2 1 0.06 
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Table 3: The twenty-five taxa endemic to the former Transvaal province, the habi tats where these taxa occur at the Melville Kopples Nature 
Reserve and elsewhere in the former Transvaal 
Taxon 
Clematis stewartiae 
Habitat 
Melville Koppies 
not stated 
Other localities 
south slope (2), koppie (2), thicket, forest (2), edge of 
forest (2), marg1ns (1) 
Aptenia lancifolia 
Hermannia lane/folia 
Chamaecrista comosa var. capricorn/a 
Dichilus pilosus 
north facing ridge, amongst rocks 
south slopes, top plateau. hillside 
stony veld, upper plateau. upper north 
slope, rocky koppies, open grassland 
glade, grassland, south slope 
bottom of hill ( 1) 
roadside (1), hillside (1), open woodland (1). grassland (1) 
grassland (4), ridge (2), kopples (2) 
koppies (6), kloof (4), grassland (2), foot of koppie (1 ). 
amongst rocks (1 ). ridge (1) 
lndigastrum burkeanum north slopes 
grasslands. upper slopes 
grassland (1 0), Ban ken veld (1 ), roadside verge (1 ). dry 
river bank (1) 
Eriosema burke/ 
Gnidia canoargentea grassland plain. north facing slopes, 
upper plateau 
hillside and stony veld (2), koppie (1 ), woodland (1) 
grassland (10), koppies (2), rock outcrops (1), hillside (1) 
Theswm transvaalense 
Polygala rehmannii 
Pachycarpus schinzianus 
Huemla loesneriana 
Tenaris chlorantha 
open grassland, top of koppie 
quartzite ndge 
grassland, top plateau 
quartzite ridge 
grassland. among rocks 
grassland (11 ), koppie (6), rocky ridges (5), hillside (5), 
shrubland (1) 
grassveid (4) 
grassland (1 1 ), ridge (2), grass slopes (2) 
rock fissures/crevices (5) 
Sutera levis grassland between ridges, near sum-
mit, glade, top plateau 
koppies (6), grassveld (3), rocky ridge (3) among boulders (2) 
koppies (6), rocky slopes (4), grassland (2), Protea open 
woodland (1 ). near stream (1) 
Chaetacanthus costatus grassland, rocky ground, stony hill-
side, north slope 
grassland (11), koppies (2), woody hillside (1 ) 
Felicia murieta subsp. strict/folia grassland 
Heltchrysum diffici/e north slope 
koppies 
top plateau, quartzite ridge 
grassland (2), top of hill (1 ), edge of cultivation (1 ), slimes 
dam (1) 
marsh (6), riverbank (3), riverine swamp {1 ), glades {1 ), 
rocky slope (1 ), woodland (1) 
near stream (1), riverine hillside (1), hillside (1) Senecio pentactinus 
Berkheya seminivea 
Aristida aequiglumls rock crevices and exposed areas 
rocky hillside(4) grassveld (4) koppies {4) ridge (4) forest (1) 
grassveld (7), rock outcrop {6), rocky slope {5). hillside {4), 
ridge (2), mopane bush (2), riverside (1 ). top of gulley (1 ). 
Protea woodland (1) 
Aloe verecunda 
Urginea depressa 
Holothnx randii 
Habenaria barbertonii 
Habenaria galpinii 
top ridges, among rocks 
north slope 
grassland 
east slope 
east facing slope of koppie 
sented a single community, the Hyparrhenia hirta I Setaria 
sphacelata grassland community (Community 1 ). the former 
group (Group 16) was open grassland (Community 1 A), 
while the latter contained scattered bush clumps 
(Community 1 B). 
The stands in the positive group (Group 9) were also divid-
ed at the fourth level of division, the samples in the negative 
group being indicated by Eragrostis racemosa, Kohautia 
amatymbica, Monocymbium ceresiiforme and Pearsonia 
sessilifolia (Group 18; n = 40), while those in the positive 
group were indicated by Lopholaena coriifolia (Group 19; n 
= 19). While a ll of the samples in these two groups were 
once again considered to represent a single diverse grass-
land community (Community 2) the stands in the negative 
group (Group 18) contained no woody plants (Community 
2A), while stands in the positive group (Group 19) included 
woody shrubs such as Lopholaena coriifolia, 
Phymaspermum athanasioides and Rhus magalismontana 
(Community 28). 
koppies (5), rocky slope (3), hill summit (1), dry streambed 
(1 ), grassy area in thicket (1 ). open grassland (1) 
grassland (5), koppie (2) 
grassland (1) 
fissure in outcrop (2), gulley (1) 
grassland (3), hillside (2), vie I (2), koppie (2), gulley (1) 
The 66 samples in Group 5 were divided at the third level 
of division based on the indicator species Coleochloa 
setifera and Loudetia simplex which were associated with 
the negative group (Group 1 0; n = 27), while the positive 
group was indicated by Englerophytum magalismontanum 
(Group 11 ; n = 39). The samples in the negative group 
(Group 1 0) were not divided meaningfully at the following 
levels of division, representing the Aristida transvaalensis I 
Co/eochloa setifera I Loudetia simplex grassland I sedge-
land (Community 3). The samples in the positive group 
(Group 11 ; n = 39) were divided at the fourth level of division 
based on the indicator species Ancylobotrys capensis, 
Aristida transvaalensis and Englerophytum magalismon-
tanum (negative group; n = 26) and Commelina africana, 
Ipomoea obscura, Setaria lindenbergiana and Vangueria 
infausta (positive group; n = 13). These represent the 
Ancy/obotrys capensis I Englerophytum magalismontanum 
shrubland (Community 4) and Vangueria infausta I Setaria 
megaphylla woodland (Community 5) respectively. 
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number of samples after six levels of division, and community number (see text for details) 
The positive group from the first level of division (Group 3) 
was divided on the basis of the indicator species Celtis 
africana with a cover of greater than 20% being associated 
with the positive group (Group 7 ; n = 5). This group was not 
divided again in the analysis, and represents the Celtis 
africana forest (Community 8). 
The 33 samples in the negative group (Group 6; n = 33) at 
the second level of division were divided at the third level of 
division based on the indicator species Canthium mundi-
anum (negative group; n = 11) and Acacia robusta, Celtis 
africana (>2% cover) and Ehretia rigida (positive group; n = 
22). These communities are referred to as the Canthium 
mundianum woodland (Community 6), and the Acacia robus-
ta I Ehretia rigida woodland (Community 7) respectively. 
Table 4 is a summary of the classification table, with just 
those species that occur widely, indicator species, or those 
preferentially associated with one or other community. It 
forms the basis for the community descriptions that fol low, 
which attempt to characterise each community in terms of 
their species composition and environmental relationships, 
and also provide an indication of their species richness. The 
distribution of each community is shown in Figure 4. 
Community 1: Hyparrhenia hirta I Setaria sphacelata grassland 
This community occurs in MKNR and LGVS on the areas 
with soils derived from diorite or from shale. The soils are 
deep, and the slope gentle. During the sampling exercise for 
this study 136 species were recorded in this community. This 
community is not dominated by any species in particular, 
although Hyparrhenia hirta occurs throughout, and some-
times can be dominant. Eragrostis curvu/a Is also ubiquitous 
in this community, and Tagetes minuta common, although its 
cover is generally low. Brachiaria serrata, Eragrostis race-
mosa, Melinis nerviglumis, Themeda triandra and 
Trachypogon spicatus were common in this community, 
occurring in more than half of the samples. Some of this 
area was cultivated prior to proclamation of the reserve. 
The Hyparrhenia hirta I Setaria sphace/ata grassland was 
divided into two subtypes, the first being a grassland without 
scattered bush clumps (Community 1 A) and the second con-
taining scattered bush clumps (Community 1 B). The distri-
bution of these Lwo vegetation types appears to be related to 
their proximity to wooded communities, with scattered bush 
clumps occurring adjacent to the Canthium mundianum 
woodland as well as the Acacia robusta I Ehretia rigida 
woodland (Figure 4). In contrast, the grassland without scat-
tered bush clumps occurs further away from wooded com-
munities. This distribution, together with the presence of 
bush clumps, suggests that this grassland is being 
encroached upon by woody plants. 
Community 2: Grassland on shale 
This community was divided into 2 distinct subtypes 
(Community 2A and Community 2B), indicated primarily by 
the extent of encroachment by woody Lopholaena coriifo/ia 
shrubs, but also based on substantial species differences. 
Both occurred on soils derived from shale. 
This first grassland community (Community 2A) contained 
a total of 169 species and was characterised by a complete 
lack of dominance. Brachiaria serrata, Elionurus muticus, 
Eragrostis racemosa and Themeda triandra, were present in 
greater than 80% of the samples, while Alloteropsis semi-
a/ala, Arfstida transvaalensis, Ocimum obovatum, 
Bulbosty/is burchel/ii, Cyanotis speciosa, Digitaria tri-
cholaenoides, Diheteropogon amplectens, Eragrostis curvu-
/a, Loudetia simplex, Melinis nerviglumis, Monocymbium 
ceresiiforme, Panicum natalense, Sporobolus pectinatus, 
Stoebe vulgaris, Trachypogon spicatus and Tristachya /eu-
cothrix were present in 50 to 80% of the samples. This com-
munity, referred to as grassland on shale (Figure 4), was 
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Table 4: Summary of the TWINS PAN output table, showing species that occurred in >50% of the samples of at least one community. Figures 
in bold type indicate species in >80% of the samples of a community 
Species Community 1 2A 28 3 4 5 6 7 8 
Number of samples 20 40 19 27 26 13 11 22 5 
Acacia caffra 1 2 2 6 7 
Acacia robusta 4 3 18 
Achyranthes aspera 1 3 5 15 
Alloteropsis semialata 6 31 11 4 1 2 
Ancy/obotrys capensis 1 22 3 
Aristida transvaalensis 2 22 13 27 23 4 
Bidens pilosa 8 1 2 4 1 6 21 
Brachiaria serrata 9 33 9 1 3 1 
Buddleja sa/vi/folia 1 1 2 4 
Bulbostylis burchellit 23 15 16 13 2 
Canthium mundianum 2 2 8 7 10 16 5 
Celtis africana 1 1 12 5 
C/ematopsis scabiosifolia 3 7 4 6 15 8 
Co/eochloa setifera 3 1 20 4 
Comme/ina africana 5 5 5 4 8 11 7 3 
Cyanotis speciosa 2 23 11 13 6 1 
Cymbopogon excavatus 6 1 1 6 7 3 
Cymbopogon plurinodes 12 2 14 13 5 
Digitaria tricholaenoides 29 7 1 3 1 
Diheteropogon amplectens 6 28 14 2 1 
Diospyros lycioides 6 10 2 2 16 12 10 16 5 
Ehretia rigida 3 17 
Elionurus muticus 4 35 10 2 4 7 
Englerophytum magalismontanum 1 23 6 7 1 
Eragrostis curvula 19 31 15 18 18 10 5 5 
Eragrostis racemosa 11 36 6 1 3 1 
Euclea crispa 1 2 3 7 9 2 
Hem/zygia pretoriae 2 8 11 
Heteropogon contortus 6 19 1 6 9 2 1 
Hyparrhenia hirta 18 6 4 1 3 
Hypoestes forskaolii 2 5 8 8 
lndigofera melanadenia 8 8 6 13 2 
Ipomoea obscura 9 
Kiggelaria africana 2 2 4 
Lopholaena coriifolia 6 3 14 13 9 1 
Loudetia simplex 26 15 25 9 2 
Maytenus polyacantha 4 3 11 
Melinis nerviglumis 10 26 13 17 14 4 1 
Monocymbium ceresiiforme 24 2 
Oclmum obovatum 2 24 2 
Pellaea sp. 3 4 17 16 12 3 
Pan/cum nata/ense 21 9 3 2 
Phymaspermum athanasio/des 13 7 5 16 1 2 
Rhus magalismontana 6 6 16 24 7 
Rhus riglda 2 3 8 1 1 
Setaria lindenbergiana 8 11 5 8 
Setaria sphace/ata 17 11 1 2 2 
Sporobolus pectinatis 1 25 8 10 14 
Stoebe vulgaris 2 20 5 1 
Tagetes minuta 16 1 8 5 6 22 
Themeda triandra 14 34 7 4 4 1 
Trachypogon spicatus 10 27 9 4 2 
Tristachya /eucothrix 4 29 7 1 1 
Vangueria infausta 4 4 11 12 4 2 
found mainly in the LGVS and SEP (n = 35), but was virtu- were Alloteropsis semialata, Aristida transvaalensis, 
ally absent from the MKNR (n = 5). Bulbostylis burche/lii, Cyanotis speciosa, Dihe teropogon 
The second grassland community was characterised by amplectens, Elionurus muticus, Eragrostis curvula, 
the presence of scattered Lopholaena coriifolia shrubs. Hemizygia pretoriae, Loudetia simplex and Melinis nerviglu-
Other species present in greater than 50% of the samples mis. This community, referred to as grassland on shale with 
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Figure 4:. Distribution of plant communities in the Melvile Koppies Nature Reserve, Louw Geldenhuys View Site and Sima Eliovson Park 
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woody shrubs (Figure 4), occurred mainly in the MKNR (n = 
12), and LGVS (n = 7), but was absent from SEP (n = 0). 
Many species are common with Community 2A, but there 
are far fewer that occur widely, and the total number of 
species is considerably less at 100 in total. Comparison of 
species richness after 19 samples in both communities 
reveals that Community 2A is considerably more diverse 
(133 species). 
Lopholaena coriifolia appears to be encroaching upon 
what was formerly a grassland community. This is probably 
the result of attempts to exclude fire from MKNR since its 
inception. 
Community 3: Aristida transvaalensis I Coleochloa setifera I 
Loudetia simplex grassland I sedgeland 
Aristida transvaalensis and Loudetia simplex occurred in 
over 80% of the samples in this community, while Bulbostylis 
burchel!ii, Coleochloa setifera, Cymbopogon plurinodis, 
Eragrostis curvula, Melinis nerviglumis, Pe/laea calome-
lanos and Rhus magalismontana occurred in 50 to 80% of 
the samples. A total of 78 species was encountered during 
sampling. This community occurs on quartzite with a south-
ern aspect, where temperatures are cool. It occurs on the 
contact surface of the quartzite and shale, but where the 
shale has weathered and been eroded. The soils that typify 
this community are therefore extremely shallow and skeletal, 
and this community occurs throughout the study area. 
Community 4: Ancylobotrys capensis I Englerophytum mag-
alismontanum shrubland 
Ancylobotrys capensis, Aristida transvaalensis, 
Englerophytum magalismontanum and Rhus magalismon-
tana were present in greater than 80% of the samples, while 
Bulbostylis burcheflii, Clematopsis scabiosifolia, 
Cymbopogon plurinodis, Diospyros lycioides, Eragrostis 
curvula. lndigofera melanadenia, Melinis nerviglumis, 
Pellaea calomelanos, Phymaspermum athanasioides and 
Sporobolus pectinatus were present in 50 to 80% of the 
samples. This community was characterised by a high diver-
sity of species, with 11 0 species encountered during sam-
pling. The community occurs on the quartzite ridges and 
steep northern slopes on quartzite, where soils are shallow 
and skeletal. At the fifth level of division this community was 
divided into 2 variations, each with 13 samples, based on 
species differences which were not considered sufficiently 
distinct to separate these as communities, but that are nev-
ertheless noteworthy. There were no indicator species asso-
ciated with either of the groups. However, there were many 
species preferentially associated with each of the groups: 
Canthium mundianum (n = 1 (negative group): n = 7 (posi-
tive group)), Clematopsis scabiosifolia (n = 6: n = 1 0), 
Oiospyros lycioides (n = 4: n = 12). Parinari capensis (n = 1: 
n = 8), Phymaspermum athanasioides (n = 6: n = 1 0). 
Furthermore, the samples in the negative group contained 
65 species, while the samples in the positive group con-
tained 93 species. The samples in the negative group were 
primarily in the LGVS and MKNR (n = 11 ), while the samples 
in the positive group were mainly in SEP (n = 12). The dif-
ference is likely to be due to the fire regimes: frequent in 
SEP and less frequent in MKNR and parts of LGVS. 
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Community 5: Vangueria infausta I Setaria megaphy!la 
woodland 
Commelina africana, Oiospyros lycioides, Pel!aea calome-
lanos, Phymaspermum athanasioides and Setaria linden-
bergiana occur in greater than 80% of the samples, whi le 
Canthium mundianum, Clematopsis scabiosifolia, 
Cymbopogon excavatus, Elionurus muticus, Eragrostis 
curvula, Heteropogon contortus, Ipomoea obscura, Melinis 
repens, Rhus magalismontana and Rhus rigida were pres-
ent in more than 50% of the samples. A total of 92 species 
was encountered during sampling. This community occurs 
primarily in the SEP (11 samples) whi le few occured in 
MKNR (2 samples), being restricted to northern aspect 
scree slopes on soils derived from granitic parent material. 
Community 6: Canthium mundianum woodland 
A total of 79 species was sampled in this community, which 
had Canthium mundianum and Oiospyros lycioides in 
greater than 80% of the samples, and Acacia caffra, 
Englerophytum magalismontanum, Bidens pilosa, 
Commelina africana, Hypoestes forskaolii, Euclea crispa 
and Tagetes minuta present in greater than 50% of the sam-
ples. This community occurred primarily in MKNR (n = 8: n 
= 1 in LGVS: n = 2 in SEP) on steep scree slopes on soils 
derived from granitic parent material. It is therefore compa-
rable to the previous community in terms of its habitat. The 
presence of Bidens pilosa and Tagetes minuta, both exotic 
annual species typical of disturbed areas, suggests that the 
areas are somewhat disturbed, even though people have 
been excluded from MKNR to a greater extent than the adja-
cent open space areas. 
Community 7: Acacia robusta I Ehretia rigida woodland 
This community was characterised by the presence of 
Acacia robusta, Bidens pilosa and Tagetes minuta in greater 
than 80% of the samples, while Achyranthes aspera, 
Canthium mundianum, Celtis africana, Oiospyros lycioides, 
Euclea crispa and Tagetes minuta occur in greater than 50% 
of the samples in this community. A total of 66 species was 
encountered in the sampling exercise. This community 
occurred on soils derived from granites in areas which had 
been inhabited by Iron Age People, as indicated by the pres-
ence of stone walls of former homesteads and kraals. 
Community 8: Celtis africana forest 
Buddleja salviifolia, Canthium mundianum, Celtis africana, 
Oiospyros lycioides and Kiggelaria africana all occurred in 
greater than 80% of the samples in this community, which 
was a tall , closed forest growing in a narrow gorge alongside 
an ephemeral stream in the LGVS. 35 species were encoun-
tered during the sampling exercise, which included only 5 
samples due to the small geographical area covered by this 
communi ty. 
Discussion 
Floristics 
The density of species on the Melville Koppies Ridge is 
lower than that at the Witwatersrand Botanical Garden (Behr 
and Bredenkamp 1988) and higher than that of 
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Niewoudtville (Snijman and Perry 1987), two areas of simi-
lar size (Table 5). The proportion of alien taxa on the Melville 
Ridge is significantly different from that at Legalameetse 
(6.27%) (Table 6) and is considerably higher than the aver-
age for 44 reserves (6 .1 %) (I MacDonald, Percy FitzPatrick 
Institute of African Ornithology, University of Cape Town, 
Chief Scientific Officer, pers. comm.). This high level of alien 
taxa is no doubt due to the amount of disturbance that has 
occurred and does occur, and to the number of aliens that 
are cultivated in gardens of the adjacent urban areas. 
The flora at Melville Koppies shows a number of signifi-
cant differences in habit from that of the flora of the whole of 
the Witwatersrand. This includes more trees and more 
shrubs, no aquatic species, fewer annuals, fewer reseeders 
after fire and more evergreen species (Table 2). The larger 
number of woody and shrubby species is due to the envi-
ronment being a ridge (on which woody species are con-
centrated on the Witwatersrand) and probably also due to 
the infrequency of fire on the estern part of the ridge, which 
has led to an expansion of the area covered by woody 
species and probably to an increase in the diversity of 
woody species. The aquatic environment is a river {which 
Ellery. BalkWIII, Ellery and Reddy 
naturally supports far fewer species than a wetland) and it 
has been disturbed and canalised. The occurrence of more 
evergreen species is probably due to the preponderance of 
woody species, many of which are evergreen. 
Alpha and Beta diversity 
Some indication of the Alpha diversity is provided by the 
number of species within each plot or within each communi-
ty. The local species richness within each community is rel-
atively high, with some communities containing over 100 
species, and with one community containing over 150 
species (Table 7). In many cases individual sample plots 
contained in excess of 30 species. Furthermore, between-
community heterogeneity is also high, with some communi-
ties having more than 20% of their species restricted entire-
ly to those communities (Table 7, figures in bold), and gen-
erally with low proportions of species that are common to 
more than one community (Table 7). Generally 2 communi-
ties shared approximately 20 to 30% of species as a pro-
portion of the number of species in both communities, with 
some sharing less than 1 0% of the combined species. This 
Table 5: Comparison of number of taxa and areas of several nature reserves of similar size or similar vegetation type to the Melville Ridge 
Nature Reserve No. of taxa Area (km' ) Taxon density taxa (km ' ) Reference 
Witwatersrand Botanical Garden 556 1.04 534.60 Behr and Bredenkamp 1988 
Niewoudtville 299 1.15 260.00 Snijmanm and Perry 1987 
Melville Koppies Ridge 520 1.60 325.00 
Roodeplaat Dam 556 13.00 42.80 Van Rooyen 1983 
Suikerbosrand Nature Reserve 742 133.37 5.60 Bredenkamp and Lamprechts 1979 
Legalameetse 1 532 180.00 8.50 Stalmans et a/. 1997 
Klaserle Private Nature Reserve 618 628 180.98 Zambatis 1994 
Witwatersrand 1 524 4 780.00 0.32 Balkwill in prep. 
Table 6: A comparison of the number of taxa endemic to Transvaal, rare or endangered and alien at Melville Koppies and Legalameetse 
Nature Reserve (Stalmans et a/. 1997) 
Melville Legalameetse Expected x' Significance 
Transvaal endemics 25 104 35.16 2.388 ns 
Rare and endangered 1 26 8.79 5.246 
Aliens 54 96 32.46 14.294 
Total taxa 518 1532 
Table 7: Measures of Alpha diversity as the number of species encountered per community (S) - this includes aliens, and Beta diversity as 
the proportion of species that are unique to each community (bold values on the diagonal) and those that are common to two communities 
(as a proportion of the total number of species in both communities) 
2A 28 3 4 5 6 7 8 
s 136 169 100 78 110 92 79 66 35 
1 0.23 
2A 0.30 0.20 
28 0.32 0.45 0.07 
3 0.19 0.33 0.38 0.03 
4 0.24 0.33 0.38 0.42 0.07 
5 0.24 0.31 0.35 0.39 0.47 0.05 
6 0.23 0.19 0.21 0.23 0.36 040 0.00 
7 0.17 0.09 0.08 0.08 0.17 0.18 0.35 0.18 
8 0.04 0.05 0.03 0.08 0.10 0.11 0.15 0.21 0.20 
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Table 8: Major determinants of 1he communities on the Melville 
Koppies Ridge 
Community 
1A 
1B 
2A 
2B 
3 
4 
5 
6 
7 
8 
Major determinants 
Diorite I shale; gentle north slope; no fire exclusion 
Diorite I shale; gentle north slope; fire exclusion 
Shale; no fire exclusion 
Shale; fire exclusion 
Quartzite; south aspect; soils skeletal; very rocky 
Quartzite ridges I north aspect; soils skeletal ; 
very rocky 
Diorite; north scree 
Diorite; north aspect scree slope; fire exclusion; 
Iron Age activities? 
Diorite; north aspect below scree; Iron Age sites 
Riverine; naturally fire protected 
suggests a high Beta diversity. Overall, these results sug-
gest that the high floristic diversity of the ridge is contributed 
both by high species richnesses within each community, as 
well as by a diverse assemblage of plant communities. 
Species and community differences under different 
management regimes 
A total of at least eight distinct plant communities were 
recognised in this study, with a number of them being found 
both within the managed reserve (MKNR) and outside the 
reserve (SEP and LGVS), and some being exclusive to one 
area or the other. The distribution of communities in the 
study area can largely be explained on the basis of parent 
material (and therefore soil type), slope and aspect. 
However, there is strong evidence that human beings, both 
in the past through habitation and more recently through cul-
tivation and control of fires, have influenced the distribution 
and composition of several of the communities (Table 8). 
Both the Aristida transvaalensis I Co/eoch/oa setifera I 
Loudetia simplex grassland/sedgeland (Community 3) and 
the Ancylobotrys capensis I Englerophytum magalismon-
tanum shrubland (Community 4) occur throughout the study 
area on very rocky sites with skeletal soils derived from 
quartzite. It is unlikely, and there is no evidence to suggest, 
that man's activities would influence either of these commu-
nities under present conditions in any substantial way. Fires 
would be infrequent and of low intensity due to the presence 
of a small fuel load and the widespread occurrence of rock 
outcrop, which would break up a fire. The presence of both 
the Vangueria infausta I Setaria megaphyl/a woodland 
(Community 5) and Canthium mundianum woodland 
(Community 6) on northern, rocky, scree slopes, appears 
similarly ubiquitous, although the former is more common in 
SEP and the latter in MKNR. These communities are very 
similar (highest similarity value in Table 7), but the high fre-
quency of weedy species such as Bidens pi/osa and Tagetes 
minuta in Community 6 distinguishes it from Community 5. It 
is possible that the less utilised MKNR has such a high 
abundance of ruderals because the lack of burning has led 
to opening of the grass-sward. 
The distribution of the Acacia robusta I Ehretia rigida 
woodland (Community 7) is without doubt linked to the set-
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tlements of Iron Age People in the region. Their practice of 
confining cattle to kraals at night led to localised areas of soil 
enrichment (Blackmore eta/. '1990) which are directly relat-
ed to the distribution of patches of Acacia robusta I Ehretia 
rigida woodland in a situation that would be expected to sup-
port grassland. For some reason the Iron Age People settled 
within the area that is presently proclaimed as the MKNR, 
although it appears that their activities were not restricted to 
this area. One of the authors (WNE) found items of pottery 
in SEP that clearly date back to the period of settlement by 
Iron Age People. 
The reason for other differences in species composition 
within and outside of MKNR may be partly related to the 
same period of settlement, although the modern (artificial) 
boundaries between MKNR and the other open areas were 
obviously not present at that time. This makes it likely that 
activities in the more recent past have contributed to these 
differences. 
The occurrence of the Hyparrhenia hirta I Setaria sphace-
lata grassland (Community '1) in MKNR only is probably due 
to both the cultivation of land in the earlier part of this centu-
ry, as well as from fire exclusion more recently. Hyparrhenia 
hirta is widely recognised to dominate old fields and mori-
bund grasslands on the Highveld (Acocks 1988, Raux 
'1969). Since proclamation of the reserve, agricultural and 
stocking activities have been prohibited, as has, as far as 
possible, any burning. Based on the comparison of aerial 
photographs taken in 1976 and 1991 it appears that the 
grassland on diorite in MKNR is being encroached by woody 
plants, whereas the grassland on diorite in SEP is not being 
invaded by woody plants (Ellery 1994). Similar encroach-
ment is also taking place in the grasslands on shale within 
MKNR, as indicated by the presence of the woody shrub 
Lopho/aena coriifolia in these areas (Community 2B). In 
contrast Lopholaena coriifolia is absent from the grasslands 
on shales outside of MKNR (Community 2A). This suggests 
that recent management practices within MKNR have 
encouraged encroachment of woody plants. Exclusion of fire 
from the reserve, which is in a grassland environment where 
fire is likely to have been regular, must have contributed to 
encroachment. 
A further effect of fire exclusion has probably, in part, 
resulted in the more frequent occurrence and higher density 
of alien ruderal species within MKNR when compared with 
areas outside the reserve. Without regular fires the sward 
becomes moribund, grass tufts eventually die out, creating 
open, bare patches of ground which readily become 
colonised by weeds. This phenomenon is clearly visible 
when contrasting grasslands inside and outside of MKNR. 
Implications for conservation and management 
The entire study area along Melville Ridge is remarkably 
diverse both in terms of species numbers (total species list 
during present sampling exercise= 318; also, see Reddy et 
a/. in prep.) as well as in terms of habitat diversity. Habitats 
range from grasslands on diorite and shale, a grass- and 
sedgeland on quartzite, to shrublands and even riparian for-
est. As such the area must be considered to have a high 
conservation value. 
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The consequent change in community composition that 
has taken place in both of the grassland communities in 
MKNR (on diorite and on shale) as a result of fire exclusion, 
illustrates the dramatic effect that management can have 
over a relatively short space of time. It may be argued that 
management has interfered with natural processes such as 
fire frequency and timing, making it necessary to review 
management practices within MKNR. However, the question 
of whether or not management in MKNR is successful 
depends on the desired goal which it is expected to achieve. 
If it is to maintain the vegetation in as natural state as possi-
ble, the current exclusion of fire by reserve managers is 
unnecessary and undesirable. It, however, the major goal is 
the preservation of biotic diversity, with an emphasis on both 
species and habitat diversi ty, an interesting situation arises 
along the Melville Ridge. 
Despite changes in community composition as a result of 
human activity and intervention in the MKNR, species rich-
nesses in MKNR and SEP, which have similar ranges of par-
ent material and environmental conditions, are in fact similar 
(212 and 209 species respectively). At a broader scale it 
could be argued that, due to current management practices, 
MKNR has in tact increased the overall habitat diversity of 
the ridge. The Lopholaena grassland community (2B) is suf-
ficiently different from either the Hyparrhenia grassland (1 ) 
or the shale grassland (2A) to distinguish it in the 
TWINSPAN analysis. This provides a case tor maintaining 
the status quo in MKNR, if the overall objectives of mange-
ment on the ridge were to maximise habitat diversity. 
Furthermore, the presence of areas with similar geology, 
topography and climate, but with different management 
regimes and such obvious differences in community distri-
bution and composition, provides an extremely valuable 
educational and scientific tool. 
The high number of alien species on the Ridge and the 
extent of the Ridge occupied by alien vegetation (Figure 4), 
suggest that the control of aliens is an important manage-
ment challenge. The high proportion of aliens that are 
reseeders after fire suggests that well-timed fires might pro-
vide an important tool in their control. The absence of fire 
has allowed the expansion of shrubland and woodland at the 
cost of grassland. The communities in which Transvaal 
endemics and the red data species occur are mainly grass-
land communities (Communities 1 to 3); thus fire is impor-
tant in the preservation of the habitat of species that are 
important from a conservation point of view. In the choice of 
sites for reserves on the Witwatersrand, ridges have been 
given priority. The distribution of the endemic and red data 
taxa on the Melville Koppies Ridge suggests that flatter 
areas that are dominated by grasslands may well have 
served conservation better. 
Conclusions 
Management dilemma 
The results of this work raise a dilemma in terms of the con-
servation of diversi ty. Excluding fire from the Melville 
Koppies Ridge leads to the development of additional com-
munities and subcommunities and thus increases the diver-
Ellery Balkw1ll. Ellery and Reddy 
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sity. Withholding fire allows the encroachment of woody ele-
ments into the grassland communities which support the red 
data taxon and most of the endemic plant species. Thus, it 
is clear that the aims of management and conservation must 
be determined before management decisions can be made. 
Examining the Regional Context 
Examining the area at a broader scale, it is obvious that an 
area as large and as diverse as the Melville Ridge is of 
extreme value in an urban environment such as 
Johannesburg. With the recent proclamation of SEP as a 
reserve, the area has, it appears, a positive future. Its value 
as a conservation area would be increased considerably, 
however, if it were linked in a more formal way to the other 
open spaces in the rivers and ridges programme of the ci ty 
(Roberts and Poynton 1985). The establishment in 1977 of 
a Co-ordinating Committee for Community Open Space 
aimed to link the river systems via the Witwatersrand ridges 
to create a green network throughout the metropolitan area 
(Co-ordinating Committee for Community Open Space 
1983, Clarke 1981). Despite the linear shape of the Melville 
Ridge, it is considered a useful link between the 
Braamfontein and Montgomery Spruit trails, and could be 
extended westwards to include the Northcliff ridge, providing 
both amenity and conservation values for the city. 
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